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Abstract: A total of fifty male New Zealand White rabbits (NZW) of 5 weeks of age with an average initial body 
weight of 652 ± 66.0 g were used to study the effect of supplementing tap water with Vit. C and probiotic (Roemin 
W2~ on growth performance and some blood constituents of New Zealand White rabbits during summer months (July
August). Rabbits were randomly assigned to five equal groups (l0 animals each) and kept in individual battery cages, in 
a naturally ventilated house under similar managerial, hygienic and environmental conditions. Average ambient 
temperature and relative humidity were 32.9°C and 58.4 %, respectively. The rabbits in the first group received non
treated tap water (Control) and the other groups received tap water supplemented with 0.5 or Ig /Liter of Vit. C or 
probiotic (Roemin W2®), respectively, during the experimental period which lasted for 6 weeks. The results showed 
that, body weight (BW), total and daily weight gain (TWG and DWG), serum total protein, total lipids, triglycerides and 
cholesterol were significantly (P::;0.05) affected by water supplementation with Vit. C or Roemin W2®. Rabbits drank 
water with Roemin W2® at level I gIL showed significantly (P::;0.05) the highest final body weight, total and daily 
weight gain and serum total protein. DWG in this group was significantly increased (P::;0.05) by 6.92% as compared 
with the control group. Also, data revealed that treatment of growing rabbits during summer time with both ofVit. Cor 
Roemin W2® at 0.5 or I g /L water improved feed conversion ratio (FCR) as compared with the control group by about 
1.48, 5.93, 5.93 and 10.39%, respectively. In addition, the serum total lipids, triglycerides and cholesterol values were 
significantly (P::;0.05) decreased in the groups supplemented with the two additives comparing to unsupplemented 
control group. Kidney function and liver function did not influenced significantly by different supplementation. The 
results indicated an improvement in the economical efficiency (EE) or relative economic efficiency (REE) for rabbits 
received water with Roemin W2® at 0.5 or I giL as compared with other groups. It is concluded that Roemin W2® at 
levels 0.5 and I gIL can safely be used as an additive for growing NZW male rabbits with no adverse effects on growth 
performance, health condition and gave the best economical efficiency. 
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INTRODUCTION	 gain by adding 1.0 gm ascorbic acid! L water. Also, 
(Teeter, 1995), found that feed additives and growth 

Rabbits seem to have good potential as	 a meat 
promoters could help rabbits to withstand heat stress. 

producing animal and suitable solution to solve the lack 
Probiotics are live microorganisms that, when

of animal protein. In hot climate regions, where most of 
administered through the digestive route, have a positive 

the developing countries are located, rabbit production 
impact on the host's health (Guillot, 2001). In relation to 

as any other animal production, is faced	 with many 
the importance of ceacal microbial fermentation, the

problems such as heat stress, poor quaiity food, diseases 
digestive process is very complex and fragile in rabbits.

and parasites. Heat stress is the major constraint on 
That is why rabbits are rather sensitive to enteric

animal productivity. Increasing the ambient temperature 
diseases and especially when they are	 exposed to

above 30°C has a deleterious consequence on rabbit 
negative impacts, e.g. weaning or heat stress, causing 

performance (AI-Shanty, 2003). Growth and 
high-losses. This problem can be avoided by antibiotics. 

reproduction are impaired as a result of	 the dras'c 
However, because of the general intention to limit 

changes in biological functions caused by	 heat stress 
antibiotics in animal feed as growth promoter

(Marai et. al. i 999 and 2000). In order to overcome the 
concerning side effects on both animals and man,

adverse effect of heat stress a considerable amount of 
probiotics that contain yeast, live bacteria	 or bacterial

research has been conducted depending lIpon nutritio al 
spores can also prevent enteric diseases	 of rabbits.

conditions such as supplementing the diet of h t 
Instead of growth promoters with antibiotics that kill 

stressed rabbIts with vitamin C. Abdel-Iiamid and El
some of the rabbit's own gastrointestinal flora,

Adawy (1999) noted that supplementation ascorbic ac' 
probiotics promote gut colonization and stabilize 

at 300 or 600 mglkg of rabbit's diet increased 
eubiosis by competitive growth against harmful

significantly (P<0.05) growth performance index, 
microorgal1lsms, reducing the intestinal pH with

economical efficiency and improved feed	 conversion 
production of lactic acid and encouraging digestion by

ratio. Abdel-Monem (200 I) showed that the fmal live 
producing enzymes and vitamins. These functions

body weight and daily body gain were increased 
strengthen the animal's own nonspecific immune

significantly (P< 0.001) and feed conversion ratio was 
defense (Fortun-Lamothe and Drouet-Vlard, 2002). 

improved by using ascorbic acid as feed additives. Also, 
The aim of this study was to investigate the effect of

AI-Shanty, 2003) found significant	 (P< 0.05) 
inclusion both of Vit. C or probiotic ROEMIN wifJ in

improvement in final body weight ami total live body 
drinking water on the oerformance of growing New 
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Zealand White rabbits under Egyptian summer 
conditions. 

MATERIALS AND METHODS 

The present work was carried out at the .Poul.try 
Farm, Faculty of Agriculture, Suez Canal UnJv~rslty, 

Ismailia, Egypt, during summer months, from 8 July 
till 19 tb August, 2006. 

A total of fifty male New Zealand White rabbits 
((NZW) of 5 weeks of age with an average initial body 
weioht of 652 ± 66.0 g were randomly assigned to five 
equ~1 groups (10 animals each). Animals. were kept 
individually in wire cages in a naturally ventJlated house 
under similar managerial, hygienic and environmental 
conditions. Artificial light source was used, giving a 
total 16 hours of light per day during the experimental 
period. The rabbits in the first group received non
treated tap water (Control) and the other groups 
received tap water supplemented with 0.5 or Igi .Iit~r 

either Vit. C (L-ascorbic acid) or problOtlc 
(RoeminW2®), respectively. Probiotic Roemin w.ii) 
(China Way Corporation 16-4 No. 424 Chung M~ng 

Road. Taichung Taiwan, consIsts of actIve 
Lactobacillus (500,000,000 cells/g) and digestive 
enzymes. 

Vitamin C and Roemin W2® were prepared and 
provided fresh every day for six weeks until the ~nd of 
the study. The Animals of all groups were given a 
pelleted commercial diet (Manufactured by El
Mourshedy Factory, Meet-Ghamr, Dakahilia 
governorate) ad libitum to cover the recommended 
nutrients of growing rabbits according to N.R.C. (1984). 
The diet consists of yellow corn, soybean meal (44%), 
Limestone, corn gluten (60%), wheat bran, bone meal, 
clover hay, barley, salt, molasses and vitamin and 
mineral premix. The chemical composition o~ the 
'experimental diet is shown in Table (1). ProxImate 
analysis of diet was determined according to standard 
methods of the I ssociation of Official Analytical 

Table (1): Chemical composition (%) of the experimental diet. 

Chemists (AOAC, 1995). Temperature and relative 
humidity were recorded daily at noon (12.00) pm during 
the experimental period. Average daytime temperature 
and relative humidity were 32.9°C and 58.4 %, 
respectively. The animals were daily provided fresh 
water with or without additives at 9.00 a.m. and the 
residuals were measured just prior 9.00 a.m. in the next 
day. Water intake was recorded daily, then weekly. 
Feed consumption (g) was individually recorded weekly 
during the experimental period. The .rabbits were 
weighed at the beginning of the expenment and at 
weekly intervals thereafter till they reached 11 weeks of 
age. Rabbit's growth performance was assessed by 
measuring body weight, weight gain and feed 
conversion. Blood samples at the end of experiment, 
were collected from the ear vein of three rabbits from 
each group to estimate some blood consti~ents. Blood 
was collected in sterile clean tube and centrifuged for 15 
min. at 3000 rpm. Serum was kept at a refrigerator (
20°C) up to assaying of total protein (mgldl), creatinie 
(mgldl), uri~ acid (mgldl), total lipids (mf?idl), 
cholesterol (mgldl), triglycerides (mgldl), transammase 
enzyme activities (GOT and GPT, Unit/I), using 
commercial reagent kits purchased from Diamond 
diagnostic (Egypt) following the same procedure as 
described by manufactures. 

Economical efficiency % (Y) was calculated 
according to the following equation: Y= [(A-B)/B] 
x I00, where A is the selling price of obtained gain (13.0 
Egyptian poundS, i.e. L.E /kg.) and B is the total feed 
cost (feed + additive) of this gain (L.E.). The cost of one 
kilogram of both ascorbic acid and Roemin W2® were 
(43.00 and 35.00 L.E., respectively). 

Statistical analysis was computed using the General 
Linear Model (GLM) procedure of SAS (SAS Institute 
Inc., 1998), and the significant differences between 
means were detected according to Duncan's multiple 
range test (Duncan, 1955). 

Items DM OM CP CF EE NFE ASH 
Air dry 89 80.87 14.94 14.25 3.45 48.23 8.13
 
Dry matter basis 100 90.87 16.79 16:01 3.88 54.19 9.13
 

RESULTS AND DISCUSSION 

Growth performance: 
Data on growth performance of NZW rabbits as 

affected by water supplementation with Vito C or 
Roemin wi/) is summarized in Table (2). At II weeks 
of age, there were significant differences (P::;0.05) 
among the experimental groups in body weight (BW) 
and total and daily weight gain (TWG and DWG), 
(Table 2). Rabbits drank water with Roemin W2® at 
level I giL showed significantly (P::;0.05) the highest 
final body weight and total weight gain. DWG in this 
group was significantly increased (P::;0.05) by 6.92% as 
compared with the control group. While the other levels 
of supplementation either with 0.5 or I g of Vit. C or 
0.5 g of Roemin W2® had insignificant higher DWG 

values than the control group. These results are in 
agreement with" those reported by EI-Adawy et al. 
(2002) who reported that the final body weight ofNZW 
rabbits (at 14 weeks), daily weight gain and PI increased 
significantly (P::;0.05) in groups fed diets supplemented 
with 0.15 and 0.2 % Biogen. Soliman et al. (2000) 
reported also NZW rabbits fed diet supplemented with 
yeast culture 2 glkg diet attained significantly (P::;0.05) 
the heaviest final body weight and daily weight gain. 
Also, Abdel-Samee (1995) fed growing rabbits 
maintained under summer conditions, diets 
unsupplemented (control) or supplemented with eit~er 

avoparcin (200 ppm), flavomycin (125 ppm) or zmc 
bacitracin (150 ppm) and noted that the adverse effect 
of heat stress could be alleviated by probiotics resulting 
in a 10% imnrovement in nwn n(. '_")(. 0 ,,~ ')11 1 
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gld), However, Gippert et al. (1992) found only a 3% 
increase in DWG in poorer conditions (commercial unit 
and in summer, 29.5 vs 28.7g/d) but an 8% 
improvement in more favorable facilities (experimental 
farm, 31.2 vs 29.3 gld), when growing rabbits (4 - 12 
wks old) fed diet with probiotic Lacto-Saac at I gm/ton, 
compared to the control group. In contrary, Paulius et 
al. (2006) reported that addition of probiotic BioPlus 
2B® at 400 mglkg diet did not significantly affect the 

• body weight and daily weight gain (DWG) of New 
Zealand White rabbits between 35 and 77 days of age. 

The results in Table (2), showed no significant 
differences among groups in total and daily feed 
consumption (TFC and DFC) and feed conversion ratio 
(FCR). Also, data revealed that addition of Vito C or 
Roemin W2® at 0.5 or I g /L water had insignificantly 
improved FCR as compared with control group by about 
1.48, 5.93, 5.93 and 10.39%, respectively. The 
improvement in growth performance of rabbits with 
probiotic supplementation may be attributed to a lower 
incidence of enteritis problems as a result of the 
production of lactic acid by lactobacillus acidophilus in 
the digestive tract of rabbits and thus an inhibited 
growth of the pathogenic bacteria (Ismail et aI., 2004) 
and the inlprovement of the beneficial caecum microbial 
content (Shanmuganathan et aI., 2004). Using broiler 
chicks, Zeweil et at. (2007) reported that the highest 
body weight and the best feed conversion ratio of the 
broiler groups fed diets supplemented with Roemin 
W2® or Biogen could be attributed to the change in the 
balance of enteric flora in the intestine, availability of 
nutrients, stimulation of the intestinal villi thus helping 
better absorption of nutrients and improving immune 
capabilities of the host. 

Blood constituents: 
As shown in Table (3), adding the tested additives 

to rabbit's drinking water had significant effects on 
some blood constituents. The results revealed that the 
concentration of serum total protein was higher 
(P::-;0.05) in groups drank water with Vit. C or Roemin 
W2® at the two doses (0.5 and 19l1 water) compared 
with the control group. El-Adawy et at. (2002) observed 
similar results when added 0.1, 0.15 and 0.2 % Biogen 
to rabbits diet. The increase of total protein in blood 
rabbits supplemented with the two additives my be 
associated with improvement in crude protein 
digestibility, decrease intestinal pH that accordingly 
weakens the growth of most pathogenic bacteria, this 
leads to optimal enzyme activity (Hoyos and Cruz, 
1990). In addition, the serum total lipids, triglycerides 
and cholesterol values were significantly (P::;0.05) 
decreased in groups received water with the two 
additives comparing to un-supplemented control group 
(Table 3), under summer conditions. A'I-Shanty (2003) 
reported that blood cholesterol and triglycerides were 
significantly (P::-;0.05) increased but total protein and 
creatinine were not affected by supplementing drinking 
water with Vit. C (1 giL water) compared with non 
supplemented group. The significant decrease in 
cholesterol and triglyceride in vitamin C treatments may 
be due to the antioxidant properties of vitamin C and to 
its ability to stimulate the conversion of cholesterol to 

bile acids, an important pathway of elimination 
(Ibrahim, 2005). Also, results reported here in agree 
with those found by Ismail et al. (2004) who observed 
that plasma cholesterol was decreased (P<O.OI) by 19.3, 
28.6, 18.2 and 24.6 % in the rabbits fed diets 
supplemented with 1.0 and 1.5 glkg of Lacto-Sacc and 
Bio-Mos, respectively. Tollba et al. (2004) reported that 
adding Lacto Sacc or Yea Sacc to broiler diets (I kg / 
ton feed) reduced (P<0.05) plasma cholesterol and total 
lipids. Also, Zanaty (2002) reported that total lipids and 
total cholesterol were significantly decreased by the 
addition of Biogen to the diet of rabbits at level I glkg 
diet. This reduction may be explained as mentioned by 
Tortuero et al. (1975) who attributed that to these 
bacteria may assimilate or degrade the cholesterol to 
bile acids followed by deconjugation to prevent 
resyntheis. However, some lactobacilli have a direct 
effect on cholesterol levels by assimilation and removal 
from the growth medium (Fuller, 1989). The obtained 
results presented in the present study were also in 
agreement with those of Zeweil et al. (2006) who 
confirmed the important roles of gastrointestinal tract 
microorganisms in recycling of lipids. Likewise, 
primary bile salts in the presence of specific 
microorganisms such as S. Faecium, L. Acidophilus and 
Saccharomyces Cervisiae are prevented from the re
absorption and have more chance to be converted to 
second type and this inhibits their absorption. On the 
other hand, Mahdavi et al. (2005) indicated tbat 
microorganisms such as Bacillus subtilis; Bacillus 
liceniformis are able to synthesize estrase enzymes 
along side with lipase enzymes, which the former 
converts free fatty acids to esterified form different from 
triglyceride to intestinal content and finally less chance 
for triglyceride absorption into the plasma. In contrary, 
EI-Adawy et at. (2002) reported that plasma total lipids 
were significantly (P<O.O I) higher in groups fed diets 
supplemented with Biogen especially at levels 0.15 and 
0.2 %. 

Kidney function measures (creatinine and uric acid 
in serum) and liver function measures (GOT and GPT in 
serum) have not influenced significantly by adding both 
of Vit.C or Roemin W2® to rabbits drinking water. 
These results are compatible with data found by 
(Zanaty, 2002 and Soliman et at., 2000) with rabbits. 
Similarly, Abd EI-Azeem (2002) concluded that broiler 
chicks fed yeast culture recorded insignificant effects on 
GOT, GPT enzyme activity and creatinine levels. These 
results indicated that application of Vito C or Roemin 
W2® at the two doses was safe as additives to the NZW 
growing male rabbits. 

Economical efficiency: 
Data concerning economical evaluation are 

summarized in Table (4). The present results indicated 
an improvement in the economica'l efficiency % or 
relative economic efficiency (REE) for rabbits drank 
water with Roemin W2® at 0.5 or I gIL as compared 
with other groups. These values were due to the better 
values of daily weight gain and feed conversion ratio for 
these groups. Similar results were obtained by EI
Adawy et al. (2000) using 0.1 and 0.2 % Lact-A-Bac in 
rabbit diets. Also, EI-Sayaad (1997) reported that 
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dietary supplementation with 100 mg Flavomycin /kg compensate the relative high price of ViLC compared
 
diet increased the relative economical efficiency % in with the price of Roemin W2®.
 
rabbits from 100 to 116.56%, where Radwan et al. Concussively, it could be concluded that Roemin W2®
 
(1996) found that economical efficiency values were not supplementation to the growing rabbits caused relatively
 
affected by using Virginiamycin or Lacto-Sacc in the considerable improvement in the growth performance
 
rabbit diets. The lowest values of REE were recorded in without negative effects on constituents of blood serum,
 
groups received Vit. C indicating that its effect in health condition and gave the best economical
 
improvement of FCR compared with the control did not efficiency.
 

Table 11 weeks of age as affected by water 

Roemin W2 mg /L water 

500 1000 
Body weight (g) at: 

5 weeks 663.29±19.28 664.19±6.12 656.67±31.82 639.29±36.42 665.67±17.46 NS 
11 weeks 1634.29b±21.67 1692.00ab±14.53 1648.17ab±19A7 1634.86b±22.16 1703.83a±14.66 * 

T. weight gain(g)* 971.00 b±8.43 1027.81 ab±13.81 991.50 ab±27.67 995.57b±15.56 1038.16 a±17.98 * 
D. weight gain(g)* 23.12 b±0.20 24.47 ab±0.33 23.61 ab±0.66 23.70 ab±0.37 24.72 a±0.43 * 
T.feedconsumption(g)* 3272.86±59.98 3408.00±87.53 3148.00±102.07 3 l50.86±23 1.31 3135.00±121.85 NS 
D. feed consumption (g)* 77.93±1.43 81.14±2.08 74.95±4.06 75.02±5.51 74.64±2.90 NS 
FCR (g feed/g gain)* 3.37±0.04 3.32±0.06 3.17±0.16 3.17±0.24 3.02±0.16 NS 
a,b mt:ans with differt:nt superscripts within rows art: significantly different (P::;0.05), * T=Total, D= Daily. FCR= Feed convt:rsion ratio 

Table (3): Some blood component of NZW rabbits as affected by supplementation with either vit. C or probaiotic 
(Roimen W2®). 

--...:....;.;==--=-.:=..:....=.-:.:..::..:..:..::..-----=-~=::......;..:...::.---=~=--....::..:.:..:....-Sig. 
Control

Items 

Vitamin C mg /L water Roemin W2® mg /L water
Items Sig.

Control 500 1000 500 1000 
Serum constituents
 
Total protein (mg/dl) 5.43 b± 0.12 5.69b± 0.23 6.32a± 0.08 6.55a±0.18 6.65 R ± 0.11
 * 
Creatinine (mg/dl 1.22 ± 0.02 1.24 ± 0.001 1.24 ± 0.01 1.23 ± 0.01 1.26 ± 0.02 N.S 
Uric acid (mg/dl) 1.31 ± 0.01 1.30 ± 0.02 1.32 ± 0.01 1.31 ± 0.03 1.29 ± 0.01 N.S 
Total lipids (mg/dt) 344.00a± 2.19 336.00b± 1.42 331.00b±0.73 334.67b± 1.03 332.34b±1.39 * 
Triglycerides (mg/dl) 82.64"± 1.04 79.16b± 0.64 77.57b± 0.54 78.38b± 0.50 78.05 b± 0.10 * 
Cholesterol (mg/dll) 79.22a± 0.21 78.35 ab ± 0.19 77.0 Ie ± 0.49 77.44bc ± O. 12 76.39c± 0.41 * 
GOT (U/I) 21.01±0.21 21.15±0.31 21.19±0.17 21.02 ± 0.54 21.17 ± 0.14 N.S 
GPT (UlI) 12.32 ± 0.40 12.35 ± 0.22 12.37 ± 0.20 12.31 ± 0.02 12.35 ± 0.25 N.S 

",6,c means with different superscripts within rows are significantly different (p::::0.05). 

Table (4): Economic efficiency of growing NZW rabbits as affected by water supplementation with either vit. C or 
probair tic (Roimen W2~. 

Items 
Vitamin C mg /L water Roemin wi;; mg /L waterContro I __....:.:.:._-..,;;'--.s;}.__..........--:..;'-  __-:..;._-"-----"-:.J:_<..,;....:;:;-"--;;;.;..;;..~ 

500 1000 500 1000 
Initial body weight (g) 
Final body weight (g) 
Body weight gain (BWG) (g) 

663.29 
1634.29 
971.00 

664.19 
1692.00 
1027.81 • 

656.67 
1648.17 
991.50 

639.29 665.67 
1634.86 1703.83 
995.57 1038.16 

BWG revenue (L.E.) 12.6230 13.3615 12.8895 12.9424 13.4961 
Feed consumption (kg) 3.273 3.408 3.148 3.151 3.135 
Feed cost (L.E.) 4.9095 5.1120 4.7220 4.7265 4.7025 
Daily water consumption (ml/rabbit) 
Additive consumption (g) 
Additive cost (L.E.) 
Total feed cost (L.E.) 1 

250 
0.00 
0.00 

4. 9095 

317 
6.67 

0.2868 
5.3988 

290 
12.18 

0.5237 
5.2457 

305 249 
6.37 10.46 

0.2229 0.3661 
4.9495 5.0686 

Net revenue (L.El 
Economical efficiency (%) 3 

Relative Economical efficiency (%)4 

7.7135 
157.1138 

100 

7.9627 
147.4902 

93.88 

7.6438 
145.7155 

92.75 

7.9929 8.4275 
161.4890 166.2688 

102.79 105.83 
Local price of one kg live body weigllt was 13 L.E. (2006).
 
Price of kg Vitamin C was 43 L.E. Price of kg Roemin W2® was 35 L.E.
 
Local price of kg feed was \.5 L.E. (2006).
 
J Total feed cost (L.E.) = Ft:ed cost + Additivt: cost. 
2 Net rt:vt:nue = BWG revenue - Total feed cost. 
) Economic efficiency %= Nt:t revenue/ Total feed cost* 100 
4 Relative economic efficiency, assuming the control treatment = 100%. 
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